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STJMMAET 



Several arrangements of round and flat spanwi se spoil- 
ers attached to the upper surface of a tapered win*? were 
tested in the NACA 19-foot pressure wind tunnel to deter- 
mine the most effective type, location, and size of spoil- 
er necessary to reduce greatly the lift on the win^s of 
lar^e flying coats when moored. The effect of the various 
spoilers on the lift, the dra^ , and the pi t Chi n^— moment 
characteristics of the tapered wing was measured over a 
ran^e of angles of attack from zero to maximum lift. The 
nost effective t" r pe of spoiler was found to he the flat 
type with no cpace between it and the win? surface. The 
ohordwi se location of such a spoiler was not critical 
within the ran^e investigated, from 5 to 20 percent of the 
win? chord from the leading ed<?e. 



IKTHODUCTIOl? 



The practice of moorin? lar^e flying boats necessi- 
tates the use of some form of "spoiler" to destroy the 
lift that mi$ht be experienced by the rin^s of such air- 
craft in hl^h winds and thus prevent then from lifting off 
the water. In the past, spoiling action has "been obtained 
through the use of "spoiler hoards , n which are simply flat 
planks attached normal to the upper surface of the win$> 
The attachment and the transportation of such spoiler 
hoards is impracticable on present-day airplanes, and a 
simpler method of obtaining the desired spoiling action is 
he in % sought * 

Data presented in reference 1 indicate that consider- 
able spoiling action mi %ht he obtained from a protuber- 
ance on the rin^ surface near the leading ed°;e and, on the 
oasis of those results, it has been su-; jested that the 
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wing lift could he parti;. 7, destroyed by securing a hawser 
alon~; the upper surface of the win^ ahout 5 percent of 
the win£ chord hack from the leading ed^e, A thin flat 
metal striio temporarily fastened to the win*; upper sur- 
face and rolled up and stored when not in use was also 
consi dered. 

The Bureau of Aeronautics, NaVF Department, has re- 
quested the 1TACA to make an invosti^ation to determine 
the size necessary, the most effective type, and the chord 
wise location of spanrise spoilers that nay he used to de- 
stroy the lift on the r;in^s of lar^e aircraft when moored. 
The present investigation includes tests of various ar- 
rangements of round and flat spoilers attached to the up- 
per surface of a tapered win? .at three chord locations: 
5, 10, and 20 percent of the chord from the leading cd-~e 
of the win^. The lift, the dra$, and the pitching moments 
of the win? were measured for the various spoiler arrange- 
ments and for the win? alone. 



APPARATUS A. T D TESTS 



Plan and elevation views of the win? model used in 
the present tests are shown in figure 1, and a typical 
section of the win^' is included in figure 2. This win? 
had oeen previously used in connection with another in- 
vestigation and was available for the spoiler tests. The 
model was "built of laminated mahogany with a smooth fin- 
ish out was not highly polished. It has an area of 35.8 
square feet, a span of 14.4 feet, and a nean aerodynani c 
chord of 2.485 feet. 

The various spoiler arrangements, locations, and 

~izes are shown in figure 2. The -2-, the Lg - , and the 

. 4 8 

l~-inch spoilers represent 2.5, 3.75, and 5 percent of the 

mean aerodynamic chord of the win^, respectively. The 
spoilers were mounted on the upper surface of the win?, 
perpendicular to the r win? surface at the point of location 
and they extended alon? 90 percent of the spa,n. The spoil 
ers were rigidly attached to the wins; hy metal "brackets 
that- were too small in size, and too few. in numoer to have 
any appreciate spoiling effect. 

The win^ was mounted on the standard force-test sup- 
ports in the test section of the 1TACA 19-foot pressure 
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tunnel as Shown in figure 3. The an^le of attack can he 
changed from outside the tunnel "by a c c ?,l i "brat e d electric 
drive. All forces acting on the. wing care transmitted to 
a six«*conponent automatic re cording 'balance « 

The investigation was conducted in the 1TACA 19-foot 
pressure tunnel, with the tunnel in the clo se.&— throat con- 
dition and operating at atmospheric pressure. Tests ucrc 
made of the wing alone, and also with spoiler? attached, 
through a range of angles of attack fro:.: -2° to 18°. Each 
arrangement was tested at a dynamic pressure of ah out 50 
pounds per square foot, which gives a test Reynolds num- 
ber of approximately 3,000,000. The round spoiler 1-4 

inches in diameter wa$ tested only at the E.O-porccnt-chord 
location, cut all of the other spoilers were tested at all 
three chord locations. 



RESULTS AND DISCUS SI Oil 



All the results arc presented in standard nondincn- 
sional coefficient fom and are corrected for tares and 
3 et~houndary interference effects. The gynhols and coef- 
ficients are defined as follows: 



C T lift coefficient ( 

\ qS 



Ct) irag coefficient 



drag 
qS 



n C/4 



w a e r e 



pitching moment coefficient 

pitching nor. en t ah out c/4 
qcS 



q dynamic pressure of air p f^J 

P mass density of air 

V velocity of air stream 

S total wing area (35.8 sq ft) 

c near, aerodynamic chord of wing (2.485 ft) 
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The aero dynamite characteristics of the win 3 with the 
various spoiler arrangements and of the wing alone are 
S&OWB in figures 4 to 9. The most effective type of spoil- 
er and the best location Bay "be obtained iron the results 
given in figures 10 and XX $ -here the ar.iount that the spoil- 
er decreased the lift (AOr.) is plotted against the chord 
location for angles of attack of 8° and 12°. The two an- , 
^les of attack are representative of the ran^e of angles 
of attack in which r.ost flying "boats ride when moored. 
This ran-ye of angles was made higher than the sun of the 
angles of trim and win? setting to allow for the amount 
the "boat r.i-^kt pitch. 

The results plotted in figures 10 and 11 indicate 
that the best type of spoiler tested was a flat spoiler 
with no space "between it and the wixt^ < The location of 
the flat spoiler is not very critical with regard to the 
spoiling action, provided that it is located within the 
range of chordwise locations tested; the "best average lo- 
cation is approxinat ely 12 percent of the chord "back from 
the leading ed^e. This effect is also illustrated in fi^- . 
ure 3(d) of reference P . for the angle of attack that is 
applicable to the present investigation. 

The Si^n of the pi t chin 5 moment is changed iron pos- 
itive (stalling nonent ) with the win 3 alone to negative 
(diving nonent ) in r.ost cases with the flat spoiler. (See 
f i ^ s . 4 f 5, and 5.) This effect tends to decrease the an- 
.^le of attack of the flying boat and thereby assists In 
decreasing the lift. 

That the round spoilers were not so effective as the 
flat spoilers is indicated by the data. The most effec- 
tive type of round spoiler is also one with no space "be- 
tween it and the win^. The "best location for a round 
spoiler is approxinat ely 5 percent of the chord hack frcn 
the leading ed^e , as shewn in figure 11. 

The size of round spoiler necess?„ry to obtain the 
amount of spoiling needed would probably prevent the use 
on a full-scale airplane of n large hawser for this pur- 
pose. It ni^ht be feasible to use a round, airtight, 
balloon-fabric tube and inflate it with air or carbon di- 
oxide after it had been attached to the win^. This arrange- 
ment would probably require more equipment and stowage 
space than an arrangement of a flat spoiler. 
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If a full-scale win?; having an average chord of 10 
feet is assumed, the flat spoiler, 2.5 percent of the chord 
in width, would "be only 3 inches tsri&e. Flat spoilers for 
full — scale airplanes could "be nade of a faoric wehoin^ or 
a netal strip supported by short re:.:ovaole posts alon^ the 
win? span and perpendicular to the win-? surface. This 
type of spoiler would wei^h very little, "be easy to install, 
and "be quite effective for the purpose intended. 

CONCLUDING REMARKS 



The nost effective type of spoiler tested was the 
flat spoiler with no space "between it and the wizMJ surface « 
The chordrice location of this type was not critical with- 
in the ran?e investigated, "between the 5- and the 20- 
per cent —chord locations iron the leading od^e. A flat 
spoiler 2.5 percent of the aean aerodynanic chord in 
height would pro "bably he sufficient to prevent a nocred 
flying boat from lifting off the water. 



Lan^ley Memorial Aeronautical Lahorator" , 

National Advisory Gonnittee for Aeronautics, 
Lan^ley Field, 7a. , January 2, 1941. 
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Figs. 4, 5 




12 16 j 0 
Angle of attack, a, deg 
Figure 4. -5-percent-chord location. Figure 5. -10-percent-chord location. 
Figures 4,5.- Effect of flat spoilers. 
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Figs. 6, 7 
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Angle of attack, a, deg 
Figure 6. -20-percent-chord location. Figure 7.- 5-percent-chord location. 
Figures 6,7-- Effects of flat and round spoilers. 
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Figs. P, 9 




8 , 12 16 | 0 4 
Angle of attack , a, deg 
Figure 9 . -20-percent-chord location. Figure 8. -10-percent-chord location. 
Figures 8,9.- Effects of round spoilers. 
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Figs. 10,11 
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Spoiler location, percent chori 
figure 10.- Effect on lift coefficient of location of flat spoilers. 
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Figure 11.- Effect on lift coefficient of location of round spoilers, 



